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ABSTRACT: 
The purpose of this study was to assess our method of analytic modelplanning in achieving a 
planned maxillary movement for the correction of a dentofacial deformity. Five  patients who 
underwent maxillary orthognathic surgery, at a minimum, were included in the study group.For 
each study subject, consistent analytic model planning with splint fabricationwas used to 
establish the desired horizontal repositioning of the maxilla. External reference points and 
internal reference points were used to establish the vertical dimension. Usingpreoperative and 5-
week postoperative lateral cephalometric radiographs, analysis was designed to assess the 
difference between the planned and actual movement of the maxilla. The average difference 
between the planned and actual5-week postsurgical vertical movement of the maxilla was 
≥1mm(P‹0.05).For horizontal movements of maxilla,the mean difference between the planned 
and actual obtained movements of maxilla was not statistically significant both 
cephalometrically and in model surgery(P›0.05). 
INTRODUCTION: 
 Precise surgical repositioning of the maxilla according to patient-specific functional and 
aesthetic objectives is essential in orthognathic surgery. The most reliable method to transfer the 
planned maxillary movements at surgery is through the use of a prefabricatedsplint.(1-4) The 
effectiveness of the prefabricated intermediate splint in turn depends on accurate model planning 
methods that capture the desired maxillary reorientation (pitch, yaw, roll), and movements 
(vertical, horizontal), according to surgical objectives. One of the essential parameters from 
which to judge the effectiveness of model planning is the accuracy of the horizontal (sagittal) 
repositioning of the maxilla. 
Published studies in which an intermediate splint is utilized to achieve the preferred horizontal 
maxillary repositioning in the operating room, report a wide range of variation between the 
planned and the actual outcome.5–15 Therefore,the reliability of analytic model planning remains 
in question. The purpose of this study was to assess our method of analytic model planning used 
in everyday practice to achieve the desired movement of the maxilla. 
MATERIALS AND METHODS: 
A consecutive series of patients (n = 5) who underwent, at a minimum, Le Fort I osteotomy for 
correction of a dentofacial jaw deformity, were included in the study group. The sample 
consisted of females (n = 3) and males (n = 2), with a mean age of 21years (range 14–35 years). 
The surgery was carried out by a single surgeon at Rajas Dental College. Perioperative 
orthodontic treatment was completed to remove dental compensation and to align the arches in 
all patients.Consistent surgical technique, and inpatientand outpatient management throughthe 
initial 5 weeks of convalescence wascarried out. All study subjects underwent:(1) preoperative 
and 5-week postoperative lateral cephalometric radiographs of acceptable quality with a metric 
referenceframe for analysis; (2) consistent presurgical facial analysis by the surgeon, including 
millimeter decisions concerning planned horizontal and vertical repositioning,and reorientation 
(pitch, roll, yaw) ofthe maxilla; (3) consistent analytic modelsurgery planning with splint 
construction(intermediate and final); (4) use of theprefabricated splint to establishthe maxillary 
positioning after Le FortI osteotomy prior to plate and screw fixation;and (5) use of consistent 
intraoperativelandmarks to confirm vertical orientation (medial canthus to maxillarycentral 
incisor). 
Determination of the preferred surgical repositioning of the jaws was based on a combination of 
direct visual examination, analysis of the lateral cephalometric radiograph, and analysis of the 
profile facialphotograph taken during a presurgical office visit. The extent of preferred maxillary 
horizontal movement in millimeters was ultimately assessed by the surgeon with the patient in 
the natural head position (NHP) during the direct visual examination. 
METHODS OF ANALYTIC MODEL PLANNING: 
Our routine analytic model planning requires: face-bow registration of the maxillary plane in 
relationship to the NHP (Earpiece type Face bow HANAU™ 008824-000; Whip Mix Products, 
Louisville, KY, USA), a chin point guidance technique to capture the occlusion in centric 
relation(CR)16–18 and alginate impressions of the maxillary and mandibular dentition. In 
thelaboratory, the maxillary cast is mounted with the two face-bow arms parallel to the upper 
arm of the semi-adjustable articulator(010889-000 HANAU WIDE-VUE ARCON Articulator 
was used; Whip Mix Products, Louisville, KY, USA the #8500 Articulator was used;Whip Mix 
Products, Louisville, KY,USA) to establish the maxillary plane in  relationship to the NHP. The 
mandibularcast is then mounted to the maxillary cast using the CR inter-occlusal registration 
obtained in the office setting. The vertical height of the articulator pin is established and then 
maintained during the model planning. 
 Four consistent reference points are marked on each maxillary cast. These reference points are 
used for baseline measurements on the Erickson model platform.The reference points used are 
the mesial buccal cusp of each maxillary first molar and the midpoint of each maxillary central 
incisor edge. The prescription for maxillary movements determined by the surgeon is then added 
to these baseline measurements. The maxillary model is released from the articulator and 
repositioned according to the new measurements. The desired surgical repositioning of the 
maxilla is confirmed using the Erickson model platform. The splint is then fabricated using the 
static mandibular position on the articulator as a platform. 
 At operation, the planned vertical facial changes are confirmed using external reference 
landmarks (e.g., medial canthus to mid-maxillary central incisor distance in mm on each side) 
and internal reference marks (bur holes on either side of the osteotomy cut). 
 
METHODS USED TO MEASURE RESULTS: 
For each study patient, a presurgical standard cephalometric radiograph was obtained for later 
analysis. At 5 weeks after surgery, a similar standard cephalometric radiograph was also taken. 
This was timed to coincide with removal of the surgical splint. 
For each study patient, the maxillary cast was mounted on the articulator with respect to the 
NHP. The horizontal axis ofthe NHP has been shown to closelyapproximate the radiologic 
landmark of Frankfurt horizontal (FH). Therefore,for the purposes of this study, a cephalometric 
analysis using a reference planeparallel to FH was designed to measure the linear change 
achieved at the maxillary incisal edge. 
Four landmark points (sella, nasion,porion, and orbitale) that were unchanged from the 
orthognathic surgery were used in the analysis. Therefore these points could be used to create a 
consistent reference line from which a linear measurement (e.g., change in horizontal positionof 
the maxillary incisors) could be made prior to and after surgery. A perpendicular reference line 
(perpendicularto FH) passing through sella, called the sella perpendicular, was then dropped. 
From sella perpendicular, a direct linear measurement was made parallelto FH and extending to 
the maxillary incisal edge (U1).To assess accuracy of the horizontalrepositioning of the 
maxillary incisors atoperation, the distance in mm (sella perpendicular to U1) was measured on 
both the preoperation and 5-week postoperation lateral cephalogram. The measurementswere 
then adjusted using a metric reference frame to correct for magnification.Any difference in 
length of these two data points will correspond to variation in the preoperative and postoperative 
(at 5weeks after surgery) horizontal position ofthe maxillary central incisors.Comparison 
between the planned and actually obtained horizontal position ofthe maxillary incisors at 5 
weeks was made using the paired t-test. Statistical significance was set at P < 0.05. Associations 
between the planned and postsurgical results were investigated with Pearson’s correlation. Using 
the paired t-test, method errors of cephalometric measurements taken from the radiographs were 
defined by repeating the measurements for all 20 patients in arandom order. 
 In addition, Post-operatively face bow transfer done and maxillary and mandibular models were 
articulated in Hanau articulator. The position of maxillary incisor both in vertical and horizontal 
dimension is measured in Erickson model platform. 
 
 
Results 
The data collected for all study patients arepresented in Table 1. The patient example(patient 1 in 
Table 1) from whom cephalometric radiographs are used to demonstratethe study methods of 
measurement(Fig. 1) is shown in Fig. 2. In all cases, the surgically achieved and maintained (at 
5- week post-operation) horizontal movement measured at the maxillary incisors both 
cephalometrically and in model surgery were within 1.0 mm of that planned. For vertical 
movements of maxilla, the mean difference between the planned and actual obtained movements 
of maxilla was not statistically significant cephalometrically (P›0.05). But the model surgery 
measurements showed statistically high significant difference between the planned and actual 
obtained movements of maxilla (P‹0.05). 
                                   In one case where Lefort I osteotomy alone was performed, there was no 
difference between the planned and actual obtained vertical movements of maxilla 
cephalometrically. But there was a 2.5mm forward movement of maxilla which was not planned. 
In pre and post-op model surgery assessment, there was a 0.26mm difference between the 
planned and actual obtained vertical movement of maxilla and a 1.6mm forward movement of 
maxilla. 
                                In the three cases, where Lefort I osteotomy was associated with anterior 
maxillary osteotomy, there was a difference of ≥1mm between the planned and actual obtained 
vertical movement of maxilla cephalometrically. In pre and post-op model surgery assessment 
also, there was a difference of ≥1mm between the planned and actual obtained vertical 
movement of maxilla. In case of horizontal movement, except in one case, the difference 
between the planned and actual obtained movement of maxilla was   ≤ 1mm both 
cephalometrically and in model surgery. 
                                In one case where Lefort I osteotomy was associated with BSSO, the 
difference between the planned and actual obtained vertical movement of maxilla was less than 
0.5mm cephalometrically and in model surgery. Also the Model surgery measurements pre and 
post-operatively showed no difference between the planned and actual obtained horizontal 
movements of maxilla. 
DISCUSSION: 
The accuracy of Orthognathic surgery depends on two main steps: paper surgery to model 
surgery and model surgery to real surgery.In our study, a splint is fabricated to position the 
maxilla in the three spatial planes. The vertical dimension is obtained using the ERP. 
Many studies have evaluated the ability of surgeons to accurately reposition the maxilla during 
surgery using different techniques. The methodology in our study was based on manual tracings. 
Although digital or manual tracing was possible, in both methods the cephalometric points are 
located manually, and so human errors in landmark location remain, and digitization of the 
image actually increases the risk of errors. Powers et al concluded, from comparing manual and 
digital tracings, that software errors may result in clinically significant miscalculations (23). 
Establishment of the planned verticalheight of the maxilla requiresadditional reference points in 
the operating room. We use the external referencepoints of the medial canthus to the mid central 
incisor on each side. This assists in establishing the planned vertical repositioningof the maxilla. 
The use of otherexternal reference landmarks has beendescribed (e.g., K-wire in 
glabellaregion).26–29The technique described in our study used both IRP and ERP. 
A.M.O’Malley(18) tried to investigate possible differences in anteroposterior steepness between 
three semi-adjustable articulators, whether differences in skeletal pattern have any influence on 
the steepness of the occlusalplane, and finally whether these differences affect the surgical 
planning for maxillary or mandibular osteotomies. All three articulators namely, DenarMkII, 
Dentatus Type ARL, WhipmixQuickmount 8800 positioned the occlusal plane less steeply (50 
,6.50,  20 respectively) to the Frankfort plane than that measured on the cephalogram. For Hanau 
articulator, it flattened the occlusal plane by 50.For every 10 that the occlusal plane is flattened on 
the articulator compared with reality, the upper incisors look 10 more retroclined on the 
articulator. So whatever articulators clinicians use, the steepness of the occlusal plane of the 
mounted models has to be evaluated. In our study, to confirm the accuracy of the mounted 
maxillary cast, the mounted Frankfort(MF) and the Frankfort horizontal(FH) are drawn on a 
lateral cephalometric radiograph and it should be within 70. 
Review of the literature(41) by Olga-ElpisKolokitha  revealed that, besides factors directly related 
to the prediction method and its use,there exist a considerable number of factors which would 
affect significantly the accuracy of soft tissue response.These could be biological ones such as 
relapse,center of mandibular rotation and individual variation in response to treatment and others 
such as gender,race,pre-operative soft tissue thickness and data bases for mean ratios of soft to 
hard tissue movement changes. 
Both manual and computerized cephalometric prediction methods are two-dimensional and 
cannot describe accurately three- dimensional phenomena. 
SUMMARY AND CONCLUSION:  
To summarize, the results of our study show a difference of ≥1mm between the planned and 
actual obtained vertical movement of maxilla. In case of horizontal movements of maxilla, there 
was no significant difference between the planned and actual obtained movements of maxilla. 
 The results show that the internal reference points and external reference points used in our 
study method was unable to place the maxilla as planned in the vertical dimension. 
 In case of horizontal movements of maxilla, our method of face bow transfer and model surgery 
using Erickson model platform for splint fabrication was accurate in placing the maxilla as 
planned horizontally. 
It appears that our positioning of is, in comparison, is within the range of most of the studies 
using extra oral points. It might be that the endeavor invested in the measuring procedure, be it 
intraoral or extra oral is more important than the method as such. 
The environment and the number of surgeons involved in the surgery also significantly influence 
the precision of Orthognathic surgery. 
To improve the surgical accuracy, we must strive to reduce the range of random variation by 
careful and rigorous treatment planning and model surgery, by exactly performed surgery 
according to the treatment plan, and by including double-checks of all intraoperative 
measurements. 
To conclude, we found that on the whole the repeatability was satisfactory. On a practical level, 
a 1mm variance is unlikely to be detected by the patient nor it is relevant clinically. Also the 
most important question in assessing surgical results has to do with each patient’s level of 
satisfaction with the end result (i.e. esthetics and function).All our patients expressed satisfaction 
with theiresthetic and functional outcome after Orthognathic surgery. But, since Orthognathic 
surgery is elective, it is imperative that the surgeon strive to provide the patient with the most 
accurate surgical repositioning possible. 
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